Ectoparasites of bats and bat-associated pathogens are poorly studied in the Lesser Antilles Islands. We report on an 11-mo field study on Saint Kitts Island of bat populations, their associated ectoparasites, and pathogens. We report on five ectoparasite species, including four Streblidae (Diptera) and a Spinturnicidae (Acari). Several genotypes of unnamed Bartonella were isolated from bats and ectoparasites. Microfilaria of an undetermined Litomosoides spp. were detected in blood from Artibeus jamaicensis Leach (Chiroptera: Phyllostomidae) (and associated ectoparasites: Trichobius intermedius Peterson and Hurka (Diptera: Streblidae) and Periglischrus iheringi Oudemans (Acari: Spinturnicidae)). In addition, an Ehrlichia sp. and Rickettsia africae were detected in the blood of several bat species. Our study is one of the first surveys of ectoparasite-borne pathogens in wild mammals from St. Kitts.
Bats are among the few native mammals in the Caribbean (Amori and Gippoliti 2001, Pedersen et al. 2005) . The majority of the species in the Lesser Antilles are Phyllostomidae that feed on insects or fruit and are both ecologically sensitive and significant (Pedersen et al. 2005 , Garcia-Garcia et al. 2014 . These mammals play important roles in seed distribution and insect control, and their guano supports entire cave ecosystems especially in the Caribbean where large guano piles can accumulate (Poulson 1972, Stringer and Meyer-Rochow 1997) . Diseases of bats are of ecological and even public health significance, especially if they cause collapse of local bat populations. Recent epizootics of bat diseases such as the widespread and often fatal "white-nose syndrome" caused by Pseudogymnoascus destructans are causing significant population crashes in North American bats (Gargas et al. 2009 ). Major epidemics of diseases such as Marburg and Ebola viruses in Africa or Nipah in Asia are believed to originate in bats and then spread to humans or animals (Shi 2010) .
Some pathogens associated with bats might cause disease in humans or other animals, but are very poorly characterized. For example, Loftis et al. (2005) described several vector-borne pathogens in bat ticks that were feeding on people, with bites associated with fevers and rashes. The agents were not proven to cause human disease but were related to several known pathogens.
Ectoparasites of bats are diverse and represent several distinct evolutionary lineages. These include several groups of mites and ticks (Acari) and insects, including true flies (Diptera) and fleas (Siphonaptera). Many of these ectoparasites are host specific or infest a limited range of closely related bat species. For example, Streblidae often spend almost all of their life on the host bat and their life cycles are closely tied to the bat's biology (Fritz 1983) . Transient and nonspecific ectoparasites of bats are rarely reported but include biting flies such as Culicoides sanguisuga (Coquillett) (Diptera: Ceratopogonidae), which feed on bat blood (Reeves et al. 2004) .
The epidemiology of most ectoparasite-borne diseases among bats is poorly understood and probably greatly underestimated. Even well-defined vector-borne parasites of bats, such as the Trypanosoma spp. transmitted by blood-feeding bat bugs, Cimex spp. (Bower and Woo 2011) are not well documented in ecological studies. Streblidae are rarely studied as vectors, but vector-borne agents have previously been reported from a few species. For example, a Bartonella sp. was detected in Trichobius major Coquillett (Diptera: Streblidae) in Florida . A wide range of ectoparasites from bats have been directly linked to pathogens, such as Bartonella in bat-feeding Cimicidae (Cimex adjunctus Barber), and Anaplasma, Borrelia, Bartonella, and Rickettsia in ticks and mites, but they have not been shown to transmit these pathogens (Reeves et al. , 2006a Loftis et al. 2005; Socolovschi et al. 2012; Brooks et al. 2015) . Antibodies have been detected in bats against relapsing fever Borrelia and spotted fever Rickettsia (Reeves et al. 2006b ). Relapsing fever from Borrelia turicatae in humans is usually linked to spending time in bat caves (Dworkin et al. 2002) . Bat ticks and nycteribiid bat flies have been implicated as vectors of protozoan parasites of bats (Hoare 1972, Gardner and Molyneuz 1988) , and Nycteribiidae were associated with Bartonella of bats in Kenya (Billeter et al. 2012 ) and with arboviruses of bats in Spain (Aznar-Lopez et al. 2013) .
The nation of Saint Kitts and Nevis, in the Lesser Antilles island chain of the Caribbean, consists of composite volcanic islands with some limestone from uplift (Davis 1924) and is the smallest country in the Americas (Central Intelligence Agency 2015). The island of St. Kitts covers $170 km 2 and ranges from sea level to 1,156 m in elevation. Documentation of vector-borne diseases in domestic mammals is poor for St. Kitts and Nevis , and studies of diseases among native wildlife, including bats, are almost nonexistent. Bat rabies has not been reported on St. Kitts and Nevis (Berger 2015) .
The goals of our study were to document the presence of bat species and prevalence of ectoparasites, and to identify possible vector-borne pathogens in both bats and associated ectoparasites on the island of St. Kitts. There have been no previously published reports of vector-borne diseases of bats on St. Kitts or neighboring islands.
Materials and Methods

Bat Capture and Sample Collection
The project was approved by the Institutional Animal Care and Use Committee of Ross University School of Veterinary Medicine. Bats were captured using mist-netting on 22 nights (60 net-nights) from November 2010 through September 2011 throughout St. Kitts. There is little exposed fresh water on St. Kitts; we sought out streams, ponds, and swimming pools for mist netting sites following a similar protocol as Pedersen et al. (2005) . Bats were identified to species in the field. Sex, reproductive status, total body weight, right forearm length, and right tibia length were recorded for each bat. Bats were carefully examined for the presence of ectoparasites, which were removed and stored in individual tubes of 70% ethanol.
Blood samples were collected from a subset of bats, selected to represent each species. Blood was collected from bats by lancing the brachial vein with a 22-ga needle and drawing blood into untreated, calibrated 100-ml capillary tubes. Blood was immediately used to make a thin blood film on a clean glass slide and the remainder was transferred to sterile, DNAse/RNAse-free tubes containing 7 ml of 2% EDTA. Light pressure was maintained on the brachial vein until hemostasis was confirmed. Bats were then marked on the head with a permanent marker and released. This was done to avoid resampling bats that had recently been trapped.
Blood Sample Processing
Blood samples were divided into aliquots, depending upon the available volume of blood. If at least 150 ml of blood was obtained, all of the following aliquots were made: 50 ml of whole blood for Bartonella culture, packed cells from centrifuging the remaining 100-150 ml of blood, and plasma from the centrifuged blood. If smaller samples were obtained, priority was given to Bartonella culturing and to archiving whole blood for DNA. All samples were frozen at À80 C, pending testing.
DNA was extracted from aliquots of bat blood using DNeasy Blood and Tissue kits (Qiagen., Valencia, CA). An equal volume of phosphate-buffered saline was added to packed cells but whole blood was extracted as is. Extractions were performed according to the manufacturer's directions, with the following exception: DNA was eluted in a reduced volume of 100 ml.
Blood films from bats were air dried, fixed, stained with a CAMCO Stain Pak (Cambridge Diagnostic Products Inc., Fort Lauderdale, FL), and evaluated under oil immersion for the presence of intracellular and extracellular parasites. Microfilaria were the only blood parasite detected. Blood samples from bats with visible microfilaria on blood films were tested using two PCR primer sets, DIDR-F1/R1 and COI following protocols by Rishniw et al. (2006) , and representative amplicons were sequenced. DNA samples from ectoparasites collected from Artibeus jamaicensis Leach (Chiroptera: Phyllostomidae) were also screened using primers DIDR-F1/R1.
Molecular Confirmation of Bat Species Identification
Representatives of each bat phenotype were further analyzed using amplification and sequencing of the 5'-end of the mitochondrial cytochrome B gene. The PCR protocols were described by Beck et al. (2016) . Sequences were submitted to GenBank, with accession numbers JQ915200-JQ915205.
Bartonella Culture
We followed the culture techniques described by Bai et al. (2012) for the isolation of Bartonella from tropical bats. Blood samples for culture were diluted in 150 ml of brain heart infusion (BHI) with 5% amphotericin. Samples were plated onto agar plates containing BHI þ 10% sheep blood and incubated at 35 C in the presence of 5% CO 2 . Culture plates were sealed with Parafilm, placed in bags to prevent dehydration, and monitored twice weekly for 6 wk. Any colonies that appeared a minimum of 4 d after plating were evaluated; one representative of each colony type was selected for Gram staining. Colonies with pleiomorphic Gram-negative rods were subplated, oxidase and catalase tested, and isolates were frozen in 90% LB broth/10% glycerol at À80 C for archival purposes. A small aliquot of bacterial cells was reserved for PCR analysis.
Cultured aliquots were washed in sterile phosphate-buffered saline, to remove residual medium. Bacterial DNA was then extracted by mixing the cells with 200 ml of 10% Chelex-100 resin in 10 mmol Tris-HCl, incubating the slurry for 20 min at 56 C, mixing well, then incubating at 95 C for 10 min. The resulting lysate was centrifuged at 12,000 g for 3 min, and the supernatant with DNA was transferred to a clean, DNAse/RNAse-free tube. DNA from Bartonella spp. was identified by PCR using primers that detect the gltA gene (BhCS.781/ BHCS.1137) as described by Norman et al. (1995) .
Ectoparasite Identification
Representative ectoparasites were punctured with minuten pins and cleared in hot 85% lactic acid for 8 h. They were then transferred to water and the digested contents were pushed out with blunt probes. Specimens that were not fully cleared were put back in 85% lactic acid and reheated for 3 h. Individual specimens were either mounted in Hoyer's media, glycerol, or dehydrated and mounted in Canada balsam. Slide-mounted specimens were identified using an Olympus BH-2 microscope. The remaining specimens were identified using a Leica S6E with comparisons to the slide-mounted specimens. Individual specimens were identified using the keys or descriptions by Ferris (1916) et al. ( ), or Wenzel (1976 . Voucher specimens were deposited at the Ohio Museum of Biological Diversity, Columbus, OH, with the exception of mites deposited as vouchers GM/S[P]007 to GM/ S[P]044 at Tomsk State University, Siberia, Russian Federation.
DNA Extraction and PCR Testing of Ectoparasites
Ectoparasites were removed from ethanol and blotted dry. Individual bat flies and pools of mites were macerated with a polypropylene pestle. Total DNA was extracted from macerated remains with a MagNA Pure 96 System (Roche Applied Sciences) using MagNA Pure 96 DNA and Viral Nucleic Acid kits (Roche Applied Sciences) following the procedure described by McAvin et al. (2005) for mosquitoes. Extracts were screened by PCR for DNA from Anaplasma, Bartonella, Coxiella burnetii, Ehrlichia, Orientia tsutsugamushi, and Rickettsia. We followed the real-time PCR protocols described by Loftis et al. (2006) for Anaplasma, Bartonella, Coxiella burnetii, Ehrlichia, and Rickettsia and Jiang et al. (2004) for O. tsutsugamushi. Controls for each assay included distilled water as a negative control and synthetic DNA oligonucleotides that corresponded to the primers and probe but were unique. The oligonucleotides served as an additional control, because they could be differentiated from real agents by DNA sequencing.
Positive samples were further characterized by sequencing DNA from additional PCR amplicons. We amplified DNA from the 17 kD antigen gene of Rickettsia using Primer-1 and Primer-2 (Webb et al. 1990 ), the 16s rRNA gene of Anaplasma and Ehrlichia using the EC12A and HE3 primers (Reeves et al. 2006c) , and the gltA gene of Bartonella with the BhCS.781 and BHCS.1137 primers (Norman et al. 1995) . Bartonella-positive isolates were further characterized by amplification of the 16S-23S ITS region (QHEV1/ QHEV4), RibC gene (BARTON1/BARTON2), groEL gene (HSP1/ BbHS1630.n), and 16S rRNA gene (RickF1/RickR4) using previously described protocols (Roux and Raoult 1995 , Zeaiter et al. 2002 , Johnson et al. 2003 , Reeves 2005 . PCR products were separated by electrophoresis on 4% agarose gels with ethidium bromide and visualized under ultraviolet light. Products were purified with a QIAquick PCR Purification Kit (Qiagen, Valencia, CA). Sequencing was performed with a BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, CA) using PCR primers. Sequences were determined using an ABI 3700 capillary sequencer (Applied Biosystems), assembled with Chromas Lite 2.01 (Technelysium, Australia) and ClustalW (Kyoto University Bioinformatics Center, Japan), and compared to sequences in GenBank using the BLAST 2.0 program (NCBI, Bethesda, MD).
Results
Bat Captures and Seasonal Ecology
A total of 318 bats were captured and processed during the course of this study: 127 Artibeus jamaicensis, 99 Molossus molossus (Pallas) (Chiroptera: Molossidae), 57 Ardops nichollsi (Thomas) (Chiroptera: Phyllostomidae), and 35 Brachyphylla cavernarum Gray (Chiroptera: Phyllostomidae). Several additional A. jamaicensis were captured but not processed, predominantly from two nights in January 2011, in which mating flights resulted in more captures than could be processed in a timely fashion. There was one bat that was re-captured during the course of the study and released. Four Molossus molossus were not processed in August 2011, also related to high capture rates. The number, life stage, weight, forearm length, and tibia length for bats in this study is summarized in Table 1 . A lone Chiroderma improvisum Baker and Genoways (Chiroptera: Phyllostomidae) was also trapped, but it was discussed elsewhere (Beck et al. 2016) .
Artibeus jamaicensis was the most commonly captured bat species. Captures were most frequent near human structures, and day roosts were identified in old plantation buildings. Molossus molossus was the second most abundant species. Captures were more frequent near human structures, and several roosts were under corrugated metal roofing of inhabited buildings or within cinder block walls. Ardops nichollsi were less frequently captured, predominantly in nets set deeper in the rainforest, further from human structures. Brachyphylla cavernarum was the least commonly captured of the four species. Only one rock shelter roost was identified. Pedersen et al. (2005) reported bats in similar rock shelters on St. Kitts. Bats were captured over water typically 2-4 h after sunset.
Ectoparasite Infestation Density and Diversity and Pathogen Screening
The majority of ectoparasite species were Streblidae (Table 2) , of which two species were collected from A. jamaicensis and two different species from B. cavernarum. Streblidae are host specific and usually infest only one or a few species of bats (Wenzel et al. 1966 ). Both of these bat species roost in social groups in permanent structures, possibly facilitating the transfer of Streblidae. Artibeus jamaicensis roosts in harem groups, including a reproductive male and a group of females, and the prevalence of infestation of juveniles and nonreproductive males with Trichobius intermedius Peterson and Hurka (Diptera: Streblidae) (11/43, 25.6%) was significantly lower than seen in reproductive adults (39/84, 46.4%, P ¼ 0.023). There was no significant difference in the infestation of A. jamaicensis with Megistopoda aranea (Coquillett) (Diptera: Streblidae) (30.2% versus 38.1%). Brachyphylla cavernarum, which roosts as a single large group within a rock shelter, displayed no significant difference in infestation across life stages. Overall, 94.3% of B. cavernarum were infested with Trichobius frequens Peterson and Hurka (Diptera: Streblidae) and 14.3% with Nycterophilia bilineata Reeves, Loftis, and Beck (Diptera: Streblidae).
Mites were collected from the wings of A. nichollsi (78.9% infested), A. jamaicensis (70.1%), and B. cavernarum (8.6%). The mites were all identified using morphological characters as Periglischrus iheringi Oudemans (Acari: Spinturnicidae). This mite is an ectoparasite of phyllostomid bats.
Pathogen Screening of Ectoparasites and Blood
Microfilariae were noted in 10 blood smears from A. jamaicensis. No other parasites were detected in any blood smears. While some bacteria such as Ehrlichia and parasites such as Trypanosoma, and Polychromophilus can be detected in blood smears, none were noted. Identical 649 bp sequences of the cytochrome oxidase I gene were assembled from two A. jamaicensis with visible microfilariae in blood smears. In addition, identical 469 bp sequences of the internal transcribed spacer 1 of filarial nematode 18S to 5.6 S rRNA were assembled from the same bats, two individual Trichobius intermedius, and a pool of eight Periglischrus iheringi ( Table 2) . The closest match in GenBank was an 87% match to Litomosoides hamletti Sandground (Filarioidea: Onchocercidae) (GenBank AJ544868).
Blood samples from bats were also evaluated using PCR screening (Table 3) . DNA extracts from 34 A. jamaicensis, 25 A. nichollsi, 25 B. cavernarum, and 27 M. molossus were screened for Anaplasma, Ehrlichia, and Rickettsia. DNA from an Ehrlichia sp. was detected in four blood samples from B. cavernarum. The 111 bp sequences were identical to each other and a 95% match to an unnamed Ehrlichia from ticks collected from small-and mediumsized mammals in Asia (Genbank AY309969 and FJ966350) (Inokuma et al. 2004 , Rar et al. 2010 Blood samples for 22 A. nichollsi were sufficient for both culture and PCR for Bartonella species; an additional eight bats were tested using culture, and three were tested using only PCR. Five of the 25 PCR samples tested positive for Bartonella, but isolation from this bat species was not successful. The 748 bp of the gltA gene was identical to the isolate from B. cavernarum. In addition, a 221 bp sequence of identical DNA was sequenced from a pool of eight P. iheringi removed from A. nichollsi (Table 1) . Three additional partial gene sequences were determined from the pool. These include 233 bp sequence of the heat shock protein (GroEL) most similar 89% to Bartonella TR-77 (GenBank DQ485308.1) isolated from Hippoboscidae (Neolipotena sp.) off deer. A 559 bp sequence of the riboflavin synthase C gene was assembled and was 83% similar to Bartonella capreoli (GenBank HM167506.1). Finally, a 445 bp sequence of intergenic spacer was assembled and was most similar 82% to Bartonella sp. C65 (GenBank KP715474.1) from bat ticks in French Guiana.
A total of 51 M. molossus were tested, using culture, PCR, or both, for Bartonella; all of these samples tested negative.
Discussion
Acarine parasites of bats are both diverse and poorly studied beyond the taxonomic level. Bat wing mites, P. iheringi, were removed from several bat species in our studies ( Table 2) . Periglischrus iheringi is primarily an ectoparasite of phyllostomid bats including Artibeus spp.
(de Lima Silva and Graciolli 2013). Periglischrus iheringi was not a known vector of pathogens to bats or other animals. Like most parasitic mites it is poorly studied; however, a possibly endosymbiotic Anaplasmataceae was reported from these mites by Reeves et al. (2006) . Parasitic mites should be examined as possible vectors and even species that feed on sebaceous secretions have recently been associated with Bartonella spp. (Reeves et al. 2015) . The possibility that these mites are vectors of parasites should be considered.
Mites are possibly vectors of filarial nematodes to A. jamaicensis, based on preliminary PCR surveillance. Filarial nematodes in the genus Litomosoides are vector-borne parasites of rodents, marsupials, and bats (Bain and Chabaud 1986) . The species in bats are known from their adult and microfilarial stages in the vertebrate host but are not described from their vectors (Notarnicola, et al. 2010) . The vectors of chiropteran filarial nematodes are poorly known, if at all; however, some Litomosoides spp. are transmitted by blood-feeding mites (Williams 1948) . Litomosoides develop as intracellular parasites in the mite vector (Renz and Wenk 1981) . We were unable to fully identify the species in our samples; however, they are possibly Litomosoides chandleri Esslinger or Litomosoides guiterasi Pérez Vigueras, which are both known from A. jamaicensis (Guerrero et al. 2002) . Litomosoides guiterasi was described from A. jamaicensis in the Caribbean and is the more probable species (Peres 1934) . The closest match on GenBank was L. hamletti, but this nematode is a specific parasite of a different genus of bats. While the vectors in rodents and marsupials are macronyssid mites, the vectors among bats are completely unknown (Guerrero et al. 2002) . Our initial molecular detection in P. iheringi and in Streblidae could also be the first step in incriminating one of these as vectors.
Three bats were PCR positive for a Rickettsia that was most likely R. africae. Rickettsia africae causes African tick-bite fever in humans. It is transmitted by Amblyomma variegatum F. (Acari: Ixodidae) in the Caribbean and is established on St. Kitts (Kelly et al. 2003) . No ticks were removed from bats, nor are we aware of published records of A. variegatum from bats in the Caribbean. However, the larvae of this tick can be aggressive, biting small mammals as well as birds, and R. africae is transmitted transovarially; bats could be infected by any tick life stage. Both of the bat species infected with R. africae are dedicated fruit-eaters and might be feeding on farms with livestock.
Ehrlichia are poorly known from bats and ectoparasites of bats. Based on the BLAST results, the sequence from four separate B. cavernarum specimens were from the same previously unsequenced Ehrlichia spp. This species was most similar to unnamed Ehrlichia from ticks in Asia (AY309969). An Ehrlichia sp. Av.bat was reported from bat ticks, Argas vespertilionis (Latreille), in France (Socolovschi et al. 2012) and remains unnamed; Ehrlichia Av.Bat is known from a single 16S rRNA sequence, and it was basal to other Ehrlichia spp. The short accessioned sequence for Ehrlichia Av.Bat and our Ehrlichia from B. cavernarum cannot be compared because they are from different regions of the gene. Ehrlichia are typically transmitted by ticks, but there is a possibility this Ehrlichia is transmitted by mites instead of ticks. Skoracki et al. (2006) reported Anaplasma phagocytophilum, a related pathogen, from Syringophilidae (feather mites) and suggested they could transmit the pathogen. We identified a variety of Bartonella species from the bats and ectoparasites in this study. There are numerous unnamed Bartonella now recognized from tropical bats (Bai et al. 2011 (Bai et al. , 2012 . Olival et al. (2015) recently described the Bartonella species diversity in Puerto Rican bats and suggested differences in ectoparasite loads are responsible for variance in infection rates. Bartonella are suspected of being transmitted by a diverse assembly of blood-feeding ectoparasites, including several insects and arachnids (Tsai et al. 2011) . A wide range of Bartonella infect humans and other mammals and cause disease, but little work has been done to evaluate the pathogenicity or zoonotic potential of bat-associated Bartonella spp. The arthropod vectors of the Bartonella in these bats was also undetermined. As with previous work, we can detect the DNA from Bartonella in possible vectors, but this is only the first step in incriminating possible vectors. Neither bat flies nor mites have been proven to transmit Bartonella, but numerous studies have detected DNA from Bartonella in these parasites (Reeves et al. , 2006a Brook et al. 2015) and further work needs to be done to evaluate vector competency.
Megistopoda aranea is primarily an ectoparasite of A. jamaicensis and both sexes of M. aranea, a vestigially winged fly, were collected from A. jamaicensis. In other ecological studies, it was found on up to 60% of adult A. jamaicensis with no prejudice for host sex (Overal 1980) . It was previously reported from other Caribbean Islands such as Cuba, Puerto Rico, and Trinidad and Tobago (Gannon and Willig 1994 , Guerrero 1997 , Autino and Claps 2000 . They were reported to move from bat to bat during roosting in both natural caves and manmade shelters (Overal 1980) . This fly feeds regularly on bat blood and might stress their hosts or transmit pathogens from one bat to another.
Streblidae in the Trichobius dugesii complex were also removed from A. jamaicensis. These matched the description of Trichobius intermedius by Peterson and Hurka (1974) , which was not previously reported from St. Kitts. This species is primarily a parasite of A. jamaicensis. It was described from a wide range of specimens; the holotype was from the Dominican Republic, and several paratypes were from St. Martin (Peterson and Hurka 1974) . The basic ecology of this species is poorly known but both sexes have fully developed wings and presumably can fly from bat to bat within their roosts. These flies harbored filarial nematode DNA, indicating either that they might be vectors or they had recently fed on infected blood.
Streblids in the Trichobius major complex were removed from Brachyphylla cavernarum. These were identified as Trichobius frequens based on the species description by Peterson and Hurka (1974) . Trichobius frequens was not known to parasitize B. cavernarum but it was recorded from three other species of Brachyphylla (Webb and Loomis 1977) . There is very little basic biological information about T. frequens; however, Peterson and Hurka (1974) suggest it was mistaken for T. truncatus in older studies. Nycterophilia bilineata was initially described from specimens removed off B. cavernarum on St. Kitts (Reeves et al. 2013) . This bat fly is only known as an ectoparasite of B. cavernarum. Wenzel (1976) discussed the basics of the biology and ecology of other Nycterophilia species. The basic biology of Nycterophilia bilineata is unknown, however, Nycterophilia spp. have presumably functional wings despite the lateral body compression but move on the host like fleas.
Detailed ecological studies on the ecology of most Steblidae are lacking. Studies of the vector-ecology of Steblidae in relation to parasites, pathogens, or bat health are almost nonexistent. Bat flies of colonial bats, because they can feed on multiple hosts over their life span, should be excellent vectors for pathogens between animals in shared roosting places. Several authors have suggested that batflies are poor vectors for interspecies pathogens because they tend to be host specific (Marshall 1976, Dick and Gettinger 2005) . This assumption is probably true for parasitic diseases that are transmitted from other species but host specific pathogens benefit from vector fidelity. As an example, nycteribiid bat flies have been implicated or demonstrated vectors of Trypanosoma vespertilionis and Polychromophilus spp. (Hoare 1972, Gardner and Molyneuz 1988) .
Our study demonstrated that numerous vector-borne agents are present in bat populations of St. Kitts and Nevis. While the number of ectoparasites with pathogens were relatively low, we present the possibility that Periglischrus iheringi or Trichobius intermedius might be involved with the transmission of Litomosoides. In addition, Periglischrus iheringi was associated with an unnamed Bartonella previously shown to infect Puerto Rican bats (Olival et al. 2015) . Further research is needed to determine if these ectoparasites really play a role in pathogen transmission. The remaining pathogens detected have no known vector to bats and could be studied further.
